Significance of the preoperative regional maximal removal rate of technetium-99m-galactosyl human serum albumin in the future remnant liver: a sequential study of regional maximal removal rate of technetium-99m-galactosyl human serum albumin in the whole liver Tc-GSA liver scintigraphy
Background The relationship between posthepatectomy complications and liver functional parameters was preliminary reported in a pilot study. The present study sequentially evaluated the clinical significance of maximal removal rate of technetium-99m-galactosyl human serum albumin (GSAR max ) in the future remnant liver (rGSAR max ) in patients to predict posthepatectomy complications.
Methods Between 2010 and August 2017, GSAR max , rGSAR max , their difference (Dif), and the rGSAR max to GSAR max ratio were examined in 247 additional patients who underwent hepatectomy for liver and biliary diseases. Hepatectomy-related postoperative complications (i.e. longterm ascites, intra-abdominal infection, and hepatic failure) occurred in 73 (29.6%) patients.
Results
The median and mean preoperative GSAR max values were 0.477 and 0.498 ± 0.166 mg/min, respectively; rGSAR max values were 0.341 and 0.366 ± 0.145 mg/min, respectively; Dif values were 0.105 and 0.132 ± 0.111 mg/ min, respectively; and the rGSAR max to GSAR max ratio values were 0.774 and 0.746 ± 0.177, respectively. Among these, the GSAR max and rGSAR max values were significantly correlated with the liver functional parameters ICGR15, LHL15, HH15, prothrombin activity, serum hyaluronic acid level, and platelet count (all P < 0.01). The rGSAR max values were significantly lower in patients with long-term ascites (P < 0.05), and the predictive cutoff values of rGSAR max were 0.290 mg/min; however, the multivariate logistic regression analysis showed that rGSAR max was not independently related to long-term ascites.
Conclusion When accompanied by other functional liver reserve parameters, rGSAR max seemed to be an alternative liver functional parameter related to ascites. Nucl Med Commun 40:145-152 Copyright © 2018 Wolters Kluwer Health, Inc. All rights reserved.
Introduction
Operative morbidity and mortality in patients with several underlying hepatobiliary diseases who undergo hepatic resection have decreased markedly in recent years owing to advances in operative procedures and perioperative management [1] . In patients with injured livers, such as cirrhosis, and in those who undergo major hepatectomy, the operative risk is still a concern and must be carefully evaluated preoperatively [2, 3] . Hepatectomy-related complications such as hepatic failure, long-term ascites, and intra-abdominal infection are still troublesome issues after hepatectomy, as they lead to prolonged hospitalization and potentially life-threatening outcomes [4] .
As well as the indocyanine green (ICG) test and other useful liver functional tests [5] [6] [7] [8] , technetium-99m-galactosyl human serum albumin (GSA) liver scintigraphy has been used to evaluate regional liver function [9] . As well as the parameters LHL15 and HH15 from GSA liver scintigraphy, Ha-Kawa et al. [10, 11] , using multicompartmental analysis, found that the maximal removal rate of GSA (GSAR max ) is a useful general index for evaluating the functional reserve capacity of the liver. Several researchers have reported the preoperative decision making in the surgical procedure for hepatectomy using GSAR max [12, 13] . Kwon et al. [12] and Kaibori et al. [14] showed the significance of measuring the GSAR max as the best parameter of this scintigraphy to determine the indication for hepatectomy or to predict postoperative complications or mortality. Our preliminary study showed a significant relationship between GSAR max in the entire liver and other liver functional parameters or postoperative long-term ascites in 200 patients [15] . However, the significance of this parameter with respect to ascites on multivariate analysis has not been fully evaluated, and the serum hyaluronic acid (HA) level and platelet count were still independent predictors [15] . On the contrary, Kwon and colleagues recommended the GSAR max of the remnant liver (rGSAR max ) as the most powerful parameter to evaluate remnant liver function after hepatectomy [16, 17] . The advantage of this parameter is that it allows the evaluation of future remnant liver function in any part separated from the entire liver or resected liver. In addition, it allows the evaluation of postoperative short-term outcomes, as noted in previous reports [16] . Therefore, we hypothesized that decreased liver function in the remnant liver as measured by rGSAR max would be a more sensitive predictor of postoperative morbidity than GSAR max in the whole liver, which was examined in the preliminary study. Furthermore, additional parameters were newly evaluated by comparing GSAR max of the whole liver and rGSAR max .
In the present study, rGSAR max was sequentially examined, and the relationships between rGSAR max , the difference between GSAR max and rGSAR max (Dif), and the rGSAR max to GSAR max ratio with clinicopathological, characteristics, conventional functional liver reserve, surgical record parameters, and posthepatectomy complications of 247 patients in addition to the patients in the preliminary setting were evaluated to clarify their clinical significance with respect to future remnant liver function.
Participants and methods

Patients
The participants were 247 patients with various liver diseases who underwent hepatectomy, more than in the preliminary study, in In our hospital, the volume of liver to be resected is estimated before surgery on the basis of the results of the indocyanine green retention rate at 15 min (ICG R15), using Takasaki's formula [18] . The liver volume, excluding any tumor volume (cm 3 ), is measured by computed tomography volumetry [19] , and we have also examined 99m Tc-GSA scintigraphy to evaluate some parameters or functional hepatic volumetry [13] . In this cohort, the following procedures were performed: partial resection in 107 patients, subsegmentectomy in 44 patients, segmentectomy in 47 patients, central bisegmentectomy in two patients, lobectomy in 42 patients, and extended lobectomy in nine patients. Postoperative hepatectomy-related complications occurred in 73 (29.6%) patients and included persistent ascites (defined as massive ascites unresponsive to diuretics for > 2 weeks) in 24 patients, intra-abdominal infection or abscess formation in 18 patients, bile leakage in 20 patients, and hepatic failure (defined by total bilirubin > 5 mg/dl on postoperative day 7 or postoperative death without other cause) in 38 patients. The definition of complications in the present study was the same as in the preliminary setting. Death during the hospital stay was observed in one patient, because of hepatic failure. Laparoscopic resection, the combined resection of other organs and main hepatic vasculature, was excluded in this analysis. The study design was approved by the Ethics Review Board of our university (#2017-0248; approval date 17 January 2018), and informed consent for data collection was obtained by the opt-out method at our website and information board at the outpatient clinic between October and December 2017.
Evaluated parameters
Clinical data, conventional liver function data, and surgical data were analyzed. ICG was injected intravenously at a dose of 0.5 mg/kg body weight, and the 15-min retention rate (ICGR15) was measured by blood sampling at 5, 10, and 15 min after injection.
The protocol of 99m Tc-GSA scintigraphy before operation was similar to that in the preliminary study. After fasting for more than 8 h, each patient was administered 185 MBq of 99m Tc-GSA (Nihon MediPhysics, Nishinomiya, Japan) as a bolus injection into an antecubital vein [19] . Images were acquired with a large field of view using a dualhead gamma camera and computer system (E-CAM; Siemens, Philadelphia, Pennsylvania, USA) equipped with a low-medium-energy collimator centered over the liver and precordium. Dynamic images were taken immediately after the bolus injection of 99m Tc-GSA at 30 s/frame for 40 min. After acquiring serial images, single-photon emission computed tomography (SPECT) images of the liver were acquired in 40 steps over 360°of rotation at a rate of 10 s/ view. Data were collected digitally (128 × 128 matrix) in a dedicated computer system (E-soft; Siemens). SPECT image reconstruction was performed with an ordered subset expectation maximization method. The clearance index of 99m Tc-GSA (HH15) and the hepatic uptake ratio of 99m Tc-GSA (i.e. LHL15, the count ratio of the liver to the sum of the heart and liver 15 min after injection of 99m Tc-GSA) were calculated after injection of 99m Tc-GSA [10, 19] . The values usually calculated were the ratio of LHL15 and HH15, GSAR max , rGSAR max , the difference between GSAR max and rGSAR max (Dif), and the rGSAR max to GSAR max ratio. GSAR max was calculated using specific analysis software (Fit AS, version1.20) developed by Dr S.K. Ha-Kawa in Kansai Medical School (Hirakata, Japan). The method uses a five-compartment model (extrahepatic blood, intrahepatic blood, receptor, interstitial, and urine). GSAR max means the maximum rate of removal of the ligand per min from the hepatic vascular space to the receptors in the sinusoidal membrane of hepatocytes [10] (Fig. 1 ). GSAR max in the predicted remnant liver (rGSAR max ) was calculated using analysis software developed by Dr N. Shuke in Asahikawa Medical College (Asahikawa, Japan). By defining the cutoff value as 40% of the maximum counts in the liver, the liver edge was delineated in the reconstructed image of the SPECT. Then, rGSAR max in the predicted remnant liver was calculated according to the planned surgical procedure. Kwon et al. [12, 13] found that the rGSAR max in the whole liver for safe hepatectomy was established at over 0.15 mg/ min. The lowest normal GSAR max value at our institute was set at 0.65 0.12 mg/min.
Peripheral blood samples for serum HA level assays were collected from every patient in stable condition early in the morning during hospitalization. Blood samples were centrifuged at 3000 rpm for 15 min, and serum was stored at − 80°C. HA was assayed using the sandwich proteinbinding assay (SRL Inc., Tokyo, Japan); the normal serum HA level determined by the laboratory of SRL Inc. is less than 50 ng/ml [19] .
The conventional liver functional parameters, including total bilirubin level, prothrombin activity (%), and platelet count, were examined. Parameters from the surgical records, including blood loss, blood transfusion, and operative and transection times under hepatic inflow occlusion, were examined. Postoperative liver functional parameters measured within day 7 were total bilirubin level, aspartate aminotransferase level, alanine aminotransferase level, prothrombin activity, platelet count, and C-reactive protein level.
Statistical analysis
Correlations between continuous data were evaluated by Pearson's correlation analysis, and correlation coefficients (r) were calculated. Continuous data are expressed as mean SD. Data were compared between groups using one-way analysis of variance and examined with the Mann-Whitney U-test. The optimal predictive cutoff value for posthepatectomy complications was determined for each parameter by receiver operating characteristic curve analysis. Comparisons of categorical data were performed with the χ 2 -test. Logistic regression analysis was performed to determine the predictive values of risk factors. Potential predictors were identified using a significance level of P less than 0.05 on univariate analysis, and the identified factors were then entered into a logistic regression multivariate analysis. A two-tailed P value less than 0.05 was considered significant. The Statistical Package for the Social Sciences, version 18.0 software (SPSS Inc., Chicago, Illinois, USA) was used for all statistical analyses. Tc-GSA, technetium-99m-galactosyl human serum albumin. Modified from: Ha-Kawa, Tanaka [10] . GSA-R max means the maximum rate of removal of the ligand per min from the hepatic vascular space to the receptors in the sinusoidal membrane of hepatocytes.
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Results
Relationships between parameters of the regional maximal removal rate of technetium-99m-galactosyl human serum albumin and associated parameters and posthepatectomy complications Table 1 shows correlations of these parameters related to GSAR max and rGSAR max with 19 continuous variables (preoperative parameters, surgical record parameters, and postoperative liver parameters within day 7). For rGSAR max , univariate analysis identified seven preoperative parameters (all P < 0.01), including age, ICGR15, LHL15, HH15, platelet count, prothrombin activity, and serum HA level, and surgical record parameter, operating time. Preoperative rGSAR max was mostly correlated with some surgical record parameters such as operating time and transection time (Table 1, all P < 0.05) and was not significantly correlated with the duration of hospital stay. Among the preoperative parameters of GSA liver scintigraphy, rGSAR max was the most significantly correlated with the postoperative prothrombin activity level and the C-reactive protein level (Table 1 , all P < 0.05); no correlations with postoperative liver dysfunction were observed. Alternatively, Dif and the rGSAR max to GSAR max ratio showed correlations with surgical record parameters such as operation time, transection time, and bleeding. In addition, there were also correlations with postoperative total bilirubin, aspartate amimotransferase, and prothrombin activity (Table 1, all P < 0.05). There was a significant correlation with postoperative hepatic dysfunction, unlike rGSAR max . Table 2 shows the comparisons between the parameters relating to GSAR max and rGSAR max and preoperative clinical features, surgical parameters, and postoperative complications. Univariate analysis showed that male patients had significantly higher GSAR max values (P < 0.05), but there was no significant difference in rGSAR max . The rGSAR max data were the most significantly different in background liver with cirrhosis (P < 0.05). There were no significant differences in the extent of hepatectomy and surgical devices. Preoperative rGSAR max was significantly lower in patients with than without hepatectomy-related complications, hepatic failure and long-term ascites (all P < 0.05); otherwise, no significant differences in complications were observed. On the contrary, the rGSAR max to GSAR max ratio was significantly lower in patients with hepatic failure than in those without (P < 0.05), with no significant differences in GSAR max and Dif between patients with and without postoperative complications.
Analysis of factors associated with posthepatectomy long-term ascites
Continuous and categorical parameters associated with postoperative long-term ascites were analyzed by univariate analysis (Table 3) . LHL15, HH15, rGSAR max , serum HA level, and platelet count were significantly different between patients with and without long-term ascites (all P < 0.05). The prevalence of liver cirrhosis was significantly higher in patients with long-term ascites (P < 0.05). Patients with long-term ascites showed significantly lower C-reactive protein levels after hepatectomy (P < 0.05). The prevalence of other hepatectomy-related complications and duration of hospital stay were significantly higher in patients with long-term ascites (both P < 0.05). The predictive cutoff values for posthepatectomy long-term ascites of each of the continuous parameters were calculated by receiver operating characteristic curve analyses (0.88 for LHL15, 0.60 for HH15, 132 ng/ml for HA, 12.5/mm 3 for platelet count, and 0.29 mg/min for rGSAR max ). The aforementioned five preoperative liver functional parameters were entered into the multivariate analysis to define a logistic regression model to identify parameters associated with posthepatectomy longterm ascites (Table 4 ). The multivariate analysis showed that a The maximum or minimum within day 7 after hepatectomy. *0.01 > P < 0.05. **P < 0.01.
higher serum HA level and a lower platelet count were significant, independent factors associated with long-term ascites, with risk ratios of 1.005 and 0.816, respectively (P < 0.05). However, lower rGSAR max was not significantly associated with long-term ascites on multivariate analysis, as in the preliminary study [20] .
Discussion
Previous studies showed that various risk factors were associated with posthepatectomy complications [2-7,9, 20-25]. By considering the balance between curability of malignancy and surgical risks, the surgeon usually carefully decides on the indication for hepatectomy to avoid lethal outcomes. In cases of borderline liver dysfunction or a large volume of hepatectomy, more reliable predictive parameters are particularly needed before conducting hepatectomy. However, nobody has been able to achieve a distinct, comprehensive strategy for determining the extent of hepatectomy. In the preliminary study described above of a promising new parameter, the One patient did not undergo hemostatic devices for transection. b P = 0.017 versus no complication. c P = 0.032 versus no complication. d P = 0.042 versus no complication. e P = 0.028 versus no complication. f P = 0.068 versus no complication. g P = 0.067 versus no complication. 1 P = 0.04 versus male. 2 P < 0.01 versus others. 3 P = 0.005 versus others.
significance of the relationship between GSAR max and posthepatectomy morbidity was not clarified [15] . In the present study, the focus was on rGSAR max which represents the function of the future remnant liver, and additional related parameters, such as Dif and the rGSAR max to GSAR max ratio, different from the preliminary study, to examine their clinical significance in a larger series of patients than in the preliminary study. Some previous reports suggested that rGSAR max was a more reliable liver functional parameter for predicting postoperative morbidity or mortality [12] [13] [14] , but this parameter has not yet been widely applied. Therefore, the clinical significance of rGSAR max has not been fully clarified, except for Kwon's reports [12] [13] [14] . Thus, it is necessary to show its relationships to the type of morbidity in detail. Furthermore, rGSAR max would be more likely to be associated with postoperative liver functional parameters than in the previous pilot study in this institute [13] . Therefore, in the present study, the relationships of several clinical, functional, and surgical parameters with posthepatectomy morbidity were examined in our clinical setting, as in the preliminary study [15] . By considering the importance of rGSAR max , the decreased volume of the remnant liver was an important issue because the changes in GSAR max might be affected by high-volume resection, such as a major hepatectomy [13, 16, 17] , which should be related to posthepatectomy complications including hepatic failure.
To reflect the changes of resected or remnant liver volume, the difference between GSAR max and rGSAR max , The maximum or minimum within day 5 after hepatectomy. which might show the resected volume, and the rGSAR max to GSAR max ratio, which was also thought to indicate the remnant liver volume based on our hypothesis, were examined in the present study. Such modified parameters related to GSAR max were examined in the present study.
Similar to previous reports [12, 13, 16] , GSAR max and rGSAR max were significantly correlated with other conventional liver functional parameters on univariate analysis, and, therefore, these were thought to be useful as preoperative liver tests. Only preoperative total bilirubin was not correlated with rGSAR max in the present study, and the total bilirubin level in this series was selected to be less than 1.2 mg/dl. Therefore, the range of this level was very limited in comparison with other parameters. The rGSAR max was significantly lower in cirrhotic liver associated with decreased liver function.
With respect to intraoperative surgical record parameters, rGSAR max and related parameters were significantly correlated with some parameters; in particular, Dif and the rGSAR max to GSAR max ratio showed a correlation with blood loss, as other liver functional parameters were correlated with blood loss or transfusion in previous reports [24] . In our hypothesis, Dif and the rGSAR max to GSAR max ratio were indicators of resected volume and remnant liver volume; therefore, these parameters were correlated with the extent of hepatectomy and blood loss or transfusion [24] . Because of the correlation with blood loss, preoperative Dif and the rGSAR max to GSAR max ratio were more closely correlated with postoperative liver functional parameters such as total bilirubin than rGSAR max [23, 24] .
Useful preoperative parameters such as rGSAR max , Dif, and the rGSAR max to GSAR max ratio used in this study were associated with posthepatectomy complications, as in previous studies [13, 17] , particularly with long-term ascites. Long-term ascites was affected by preoperative liver function, intraoperative surgical record parameters, and postoperative liver dysfunction, as in previous reports, which lead to a longer hospital stay or worse overall patient prognosis in malignant hepatic diseases [24] . There was a significant difference between the presence or absence of ascites in rGSAR max , but not in Dif and the rGSAR max to GSAR max ratio, which were correlated with the extent of hepatectomy and blood loss. Long-term ascites might be more affected by hepatic reflux disorder owing to a decreased liver blood flow rate and functional residual liver volume than hepatic resection volume and blood loss [10, 11, 13] .
In this study, multivariate analysis showed that the serum HA level and platelet count were significantly associated with an increased risk ratio compared with other parameters, and the risk ratio of rGSAR max was the lowest. This result was different from report by Kwon et al. [13] , and the degree of liver dysfunction in cirrhosis in their study seemed to be worse than in the present study; there were only three patients with a low rGSAR max (< 0.15 mg/min) in the present study. On the contrary, Yachida et al. [7] . reported a predictive cutoff value of serum HA concentration of 150 ng/ml for posthepatectomy complications, and the value of 132 ng/ml in the present study was similar. The serum HA level reflects the function of hepatic sinusoids and is a sensitive marker of liver endothelial cell dysfunction after liver ischemia [18] , which is increased in the presence of chronic liver injury. In cases with lower values of rGSAR max , a higher risk ratio may be detected for rGSAR max than for serum HA for postoperative long-term ascites. Kaibori et al. [14] reported that the HA/GSAR max ratio can predict liver failure. Thus, the combination of HA and rGSAR max may be a better predictor of posthepatectomy outcomes.
The extent of hepatectomy was also a significant risk factor for posthepatectomy complications, despite the fact that the operative indication has recently been carefully determined by predictive parameters [8, 19] . Therefore, it is necessary to use additional parameters to decide the criteria for surgery. In the present study, GSAR max or rGSAR max were not shown to be clinically useful. With respect to uncontrolled ascites in the case of major hepatectomy, associated parameters including rGSAR max for hepatectomy-related complications should be evaluated. By restricting the extent of resection to major hepatectomy, suppressing the effect of resection range, it is possible that rGSAR max could reflect postoperative liver function.
Conclusion
In patients who are scheduled for various hepatic resections, the clinical significance of GSAR max , rGSAR max , and related parameters calculated by 99m Tc-GSA liver scintigraphy was examined based on our preliminary study of whole liver GSAR max alone. Although the univariate analysis showed that a lower rGSAR max was significantly associated with lower preoperative liver function and the presence of postoperative long-term ascites, on multivariate analysis, rGSAR max and related parameters were not predictors. The independent significance and sensitivity of rGSAR max and related parameters were not clarified, but rGSAR max would be useful as a complementary parameter with other preoperative makers to predict postoperative longterm ascites.
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